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SOLID PHASE TEST FOR ENDOTOXIN 

This invention relates to a solid phase test for endotoxin, in particular a test such 

as in a flat sheet or in capillary form for the detection of endotoxin in aqueous 

solutions. More particularly the invention relates to a direct solid phase 

chromogenic assay,,which permits a quick biochemical identification of endotoxin 

and is sensitive to picogram endotoxin amounts. 

There is a high demand for testing for contamination of solutions and biological 

fluids in medicine and biotechnologies; for instance, the quality of water used for 

the dilution of solute concentrates for hemodialysis. Specifically, there is a need 

for pyrogen free water to make dialysate, and for monitoring of the dialysate in the 

dialysis machine itself in centres or at home or other non-laboratory settings. In 

this respect, the production of sterile and pyrogen free dialysate needs a pyrogen 

control method which will give a «yes" or "contaminated" result. Endotoxin, a 

potent pyrogen specifically from gram-negative bacterial cell wall components, is 

one of the most known key contaminants. Measurements of endotoxin are today 

used as the major safety parameter of infusions and fluids in general, drugs and 

devices, in the pharmacology and food industry.' The most available method to 

qualitatively and quantitatively detect endotoxin in biological or aqueous solutions 

is based on the limulus amoebocyte lysate (LAL) test known in the art. 

The LAL test was discovered in 196^ by Levin and Bang'. Horseshoe crab 

(limulus) amoebocyte lysate provokes together with endotoxin from gram-negative 

bacteria a gelatination induced by a stepwise activation of several coagulation 

factors contained in the lysate. An assay comprising the extract (lysate) of 

horseshoe crab blood cell (amoebocyte) to induce this gelatination in a reagent 

glass as a liquid phase system is well known as a method and it is called the 

limulus test. The application of the LAL to measure endotoxin involves the 

gelatination of the sample (gelation method, tur-bidimetry assay) in the reagent 

glass or a more sensitive method based on a chromogenic substrate and 

measurement by optical absorption. -Today different LAL from horseshoe crab ^ are 
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commercialized through the world: Limulus-Bolyphemus, Tchypleus tridendatus, 

Tachypleus gigas and Carcinoscorpius rotundicauda. 

All commercialized LAL testing methods based on a chromogenic substrate are 

liquid-phase assays. The principle is that in a reagent glass containing a lysate and 

sample, bacterial endotoxin contained in the sample initiates activation of a 

cascade of serine protease {Factor B, Factor C, Proclotting enzyme, Coagulin) 

enzymes in LAL that cleave the end product coagulogen into a peptide coagulin 

which produces clotting. The use of a synthetic chromogenic or fluorogenic 

substrate increases the sensitivity of the testing and makes the quantification of 

endotoxin possible. As described by Iwanaga et aP, a synthetic peptide is used 

having an amino acid sequence in common with the hydrolysis sites of coagulogen, 

namely the chromogenic substrate Boc-Leu-Gly-Arg-p-nitroanilide (pNA) or the 

fluoro-genic substrate Boc-Leu-Gly-Arg-4-methylcoumaryl-7-amide. In the presence 

of LAL and endotoxin, the colourless substrate is rapidly cleaved to form the 

chromophore p-nitroaniline or the fluorogenic 4-methylcoumaryl-7-amide. 

There are today increasing improvements in the accuracy and sensitivity of liquid 

phase assays; In US patent 5 605 806, S. Tanaka and H. Tamura proposed a LAL 

and an antibody to neutralize the false positive results due to (1 ->3)-S-glucan. 

Shigenori et al proposed the use of factor G activation to resolve the same problem 

(US patent 5,641,643). Besides the liquid phase reaction systems, a method for 

lysate immobilization to wells of a polystyrene microplate has been published. In 

US patent 5,550,30, Tanaka disclosed a quantitative kit for endotoxin 

determination which comprises an insoluble carrier on which is immobilized an 

endotoxin-sensitive factor derived from a limulus amoebocyte which specifically 

reacts with endotoxin without reacting with IS-glucan. The test system involves the 

indication of endotoxin when colouring occurs in the liquid phase. 

Quick and simple testing for endotoxin is important in a number of circumstances, 

including when changing the dialysis machine, or monitoring tap water. It is also 

desirable to determine endotoxin levels of the fluids in a laboratory-setting. The 
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degree of contamination of water and dialysate fluids falls into several categories, 

but in all cases it is desirable to monitor endotoxin present in the fluid on a frequent 

basis. A simple and quick method for determining qualitatively endotoxin in a-test 

solution is thus much sought in the art. 

The present invention provides an analytical test strip for the detection of 

endotoxin in aqueous solutions in which the strip is wetted at the bottom with the 

sample. After a certain period of time, until the sample flows from the bottom to 

the top. an indicator is added at the top, to develop a red colour which is indicative 

for the presence or the absence of endotoxin in the sample. 

Using a technique of a solid phase chromogenic substrate assay, the present 

invention involves an improvement to a quick test strip for the detection of 

endotoxin. The test strip provides a dry analytical element for endotoxin which 

comprises an absorbent carrier divided in^four portions impregnated with: 1).a 

reagent system of limulus factors; 2) synthetic chromogenic substrate derivatized 

with p-nitroaniline; .3) a buffer system containing chloride acid and sodium nitrite; 

4) a buffer system containing chloride acid and ammonium. The test also includes 

a solution containing Nl-naphtylethylenediamine which is added at the top of the 

test trip to develop a coloration by coupling the derivatized p-NA to Nl- 

napthylethyienediamine as positive results. 

The present invention provides apparatus and method as_defined in the claims, in 

particular an analysis method comprising applying a aqueous sample solution to the 

bottom of the described dry analytical element to react with endotoxin, and 

determining coloration on the top of the dry element by coupling Nl- 

napthylethylenediamine. The present invention also provides an endotoxin kit using 

the above described dry analytical element. 

A further object of this invention is to provide a method for preparing the above 

" mentioned dry analytical element and/or the portions of the dry analytical element 

for preparing the above described endotoxin test str^p. 
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The method involved in the invention is a direct solid phase chromogenic 

calorimetricai detection. Four supports are arranged successively in the same 

alignment to achieve a flow communieation with each other. The supports are 

mounted in a closed and pyrogen free casting module. The test strip comprises a 

solid support having four portions (at least three portions) being in flow 

communication with each other whereby reaction products can flow from one 

portion to the next. The solid support is preferably shaped in the form of strip, 

with the first, second, third and fourth portions being arranged on the strip in the 

same plane. The sizes of the portion may be the same or different. The portions 

are manufactured to absorb the different chemicals and dried, and attached on the 

strip in a way that flow communication occurs from one to the next. 

The test strip would be submerged with the sample at the bottom to wet the flrst 

portion and allow liquid to flow from bottom to the top of the test strip. The 

sample solution would start to flow by capillary action from one portion to the next 

higher portion. Thus, the reactants occurring in each portion would be transported 

by capillary flow to the last portion to develop a red coloration as a positive result. 

The flrst portion contains a solid support and a limulus amoebocyte lysate or 

substances containing endotoxin sensitive factors which react with endotoxin to 

produce coagulin. The method of the immobilization of the lysate or of the 

endotoxin sensitive factor to the solid support are: 1) absorption; 2) adsorption by 

ionic forces or/and hydrophobic interaction, 3) covalent binding. The procedures 

for binding the lysate in the solid support are generally known the art. The lysate 

may be the commercial available limulus amoebocyte lysate such as Limulus 

Polyphemus. Tchypleus tridendatus. Tachypleus gigas and Carcinoscorpius 

rotundicauda. Preferably a lysate without Factor G may used in order to avoid a 

positive false reaction with (1 -3)-B-D-Glucan contained in the sample or in the solid 

support. A purifled form of a mixture containing factors C, B and proclotting 

enzymes, which react with-endotoxin to produce coagulin may also be used. 

Preferably a lysate preparation known in the art without Factor G which does not 

react with (1 -SL-B-D-Glucan may also be used. The amount and biological activity 
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of endotoxin reagents, andJhe mater.ial.and.size^he solid support determine the 

sensitivity of the test strip. Upon wetting of the solid support with the sample, 

sample-should react with immobilized lysate or substances containing endotoxin 

factors to activate Factor and clotting enzymes. Depending upon the presence of 

endotoxin in the samples, endotoxin activates the bound lysate in the following 

reaction steps: 

(1) Endotoxin -> activated Factor C 

(2) activated Factor C -> Factor B -> activated Factor B 

(3) activated Factor B -> Proclotting enzyme 

The clotting enzyme produced through the cascade reaction by the action of 

activated Factor C or proclotting enzymes is capable of hydrolysing coagulin or an 

amide linkage of a synthetic peptide substrate at the specific sites intermediate 

between Arg and Gly or intermediates betweeri Arg and Thr. 

The solid support which is employed in this test strip is one which is capable of 

absorbing endotoxin from the sample. When wetted, the sample containing 

endotoxin reacts with reagents in the first portion and the reaction products are 

transported by flow to the dry region of the first support and thus to the second 

portion of the test strip. In addition, the solid support is one which is capable of 

absorbing both sample and binder. In order to achieve a flow communication 

between the portion, it is preferable to use an hydrophillic polymers solid support. 

Examples of suitable supports are chromatographic papers, nitrocellulose, dextran 

and glass fibres. Preferably, chromatographic hydrophobic polymers are used 

though if using chromatography papers, it is important to use reagents which do 

not react with S-glucan, as described for example in US patent 5.550,030. 

The second portion contains a solid support and a synthetic substrate. A typical 

substrate to be immobilized in the second portion is t-butoxycarbonyl-leucyl-glycyl- 
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arginine-paranitroanilide (Boc-Leu-Gly-Arg-pNA) to release paranitroanllide. Usable 

synthetic peptides with a known detectable group are those described in EP-A- 

0000063, EP-A-0018112, WO79/00602, WO82/02382 and US 4,188,264. 

However, synthetic peptide substrates for activated Factor C as well as synthetic 

peptide substrates for activated clotting enzymes in which a carboxyl group of the 

C-terminated arginine *is substituted with the colour-developing residue p- 

nitroaniline, p-(N,N-diethylamine)aniiine, p-{N-ethyl-N-(S-hydroxyethyl) aniline can 

also be used. Possible methods of immobilization of the chromogenic substrate to 

the solid support are: 1) absorption; 2) adsorption by ionic forces or/and 

hydrophobic interaction, and 3) covalent binding. Preferably, the support is 

absorbed with the substrate. The solid support is typically made with the same 

material as the first support and it is one which is capable of absorbing the liquid 

and reactants flowing from the first support, and which when wetted is this way, 

provides for flow and analyte by capillary attraction from the first portion, and 

through the second portion into the third portion. Upon contact with the liquid and 

reactants flowing from the first support, solution should react with immobilized 

chromogenic substrate. Like the first portion, examples of suitable supports are 

chromatographic papers, nitrocellulose, dextran and glass fibres. Preferably, 

chromatographic papers are used. The solid support absorbed with the 

chromogenic substrate is one which is capable otabsorbing reactants flowing from 

the first support. When wetted, the so-called reactants are capable of reacting 

with the second portion and the reactants with the new reaction products being 

transported to the dry regions and thus to the third portion of the test strip. The 

solid support is so manufactured (with attention to the amount of absorbed 

synthetic chromogenic substrate, size of the portion, material of the solid support) 

that activated clotting enzyme and/or factor B flowing from the lower portion reacts 

with substrate in the second portion and the chromophore p-nitroaniline is cleaved. 

The cleaved p-nitroaniline is then transported to the next portion. 

The third portion contains a solid support and a buffer containing 1 N HCl and 

0.1 % (w/v) sodium nitrite. Preferably, to make the support; it is impregnated with 

the buffer system, dried and is made with the same material as the second support. 
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When dried, the solid support is also one which is capable of absorbing the liquid 

and the chromophore p-nitroaniline flowing from the second support, and which 

when wetted is this way, provides for flow from the second portion, and through 

the third portion into the fourth portion. 

The fourth portion contains a solid support and a buffer containing "N HCI 

containing 0.5% ammonium. Preferably, to make the support, it is impregnated 

with the buffer system, and dried. When absorbed with the buffer system and 

dried, the solid support is also one which is capable of absorbing the liquid and the 

chromophore p-nitroaniline flowing from the third support, and which when wetted 

is this way, provides for flow from the third portion, and through the dried region. 

The third and fourth portions are those through which when the flowing free p- 

nitroaniline released by the action of enzymes is derivatized to its diazanium salt, 

typically formed in the fourth portion. 

The fifth portion is a neutral portion in which a drop of 0.05% N1- 

naphtylethylenediamine in 40-50% (v/v) is added to form a highly visible red colour 

by coupling of the derivatized p-NA to Nl-napthylethylenediamine. 

The test strip described in this invention can suitably be prepared from any matrix 

material through which an aqueous solution can flow by capillarity. Suitable 

materials for chromatographic strips are paper, nitrocellulose and hydroph.ii.c 

polymers. Because of the presence of B-glucan in cellulosic material, paper .s not 

usually suitable without special treatment as it induces false positive results. In 

this invention, it is desirable to use hydrophillic polymers which allow vertical 

capillary flow excluding a bibulous lateral flow such as polyethylene sheet matenal. 

There now follows description of specific embodiments of the present invention, 

illustrated by drawings in which:- 

Fig. 1 shows a schematic representation of a capillary test strip; 
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Fig. 2 shows a schematic representation of a paper test strip; 

Fig. 3 shows mode of operation of a test strip; 

Fig. 4 shows variation of substrate sensitivity and resulting lysate activity; 

and 

Fig. 5 shows a quantitative test strip. 

Example 1: capiliary test strip 

As illustrated In figure 1, a glass howl capillary glass with a flat side, an internal 

dimension of 0.25 cm and an external dimension of 0.28 cm and a length of 4 cm 

has been used as the casting module. For the bottom of the capillary there is a cap 

which is used as the sample reservoir, whereas a second cap closes the top of the 

capillary and permits entry of chemicals for the colour reaction. The module is 

constructed in a way that it remains pyrogen free. The howl module is 

successively filled with dried hydrophillic porous spherical material (200-500;/m). 

The hydrophillic porous polymer is in separate portions, impregnated as follows: 

Portion 1: hydrophillic polymeric powder was incubated under pyrogen free 

conditions in 0.5 lU/ml (1 g/ml) of limulus amoebocyte lysate (Charles River- Sulzfel 

Germany) until saturated absorption of the liquid was reached. After drying, the 

module has been filled to reach a height of 1 cm. 0.1 cm has then been filled with 

neutral polymeric powder. 

Portion 2: 10 jjmol of chromogenic substrate (t-butoxycarbonyl-leucyl-glycyl- 

arginine-paranitroanilide) for endoxin (Pefachrome LAL Code.NR 11179-01 ISO 

9001-1N29001 Pentapharm AG BASEL CH) was diluted in 6.6 ml pyrogen free 

water. 1g of hydrophillic polymeric material was also incubated with 1 ml until 

saturated absorption was reached. After drying the module has been filled to reach 

a height of 0.5 cm. 0.1 cm has then been filled with neutral polymeric powder. 
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Between portions 2 and 3: Tris-HCI is mixed with polymeric powder to obtain a 

concentration of 0.025 mmol/1 and inserted between portions 2 and 3 with a height 

of 0.5 cm. 0.1 cm has been filled with neutral polymeric powder. 

Portion 3: Polymeric powder was submerged in a solution of 1 N HCI containing 

0.1 % (w/v) sodium nitrite, and dried.. A quantity sufficient for 0.5 cm has been 

inserted into the module. 0.1 cm has been filled with neutral polymeric powder. 

Portion 4: 1 cm of polymeric powder was submerged with in solution of 1 N HCI 

containing 0.5 % (W/v) ammonium sulfate, dried and has been filled into the 

module. 0.1 cm has been filled wfth neutral polymeric powder. 

Portion 5 : 2.5 mg of Nl-naphthlethylenediamine in mixed with 0.5 cm polymeric 

material. 

Example 2: paper test strip 

The strip can prepared from any matrix material through which the test fluid can 

vertically flow by capillarity; as Illustrated in figure 2, a polystyrene dipstick was 

constructed to be fitted in a sterile, bottle. The active surface of the test strip was 

0.5 cm X 4,2 cm, separated every 0.5 cm between the first portion and the third 

portion with 0.5 cm x 0.2cm dry Sephadex. The active surface between the 

sephadex strip was coated with Scotch adhesive transfer tape, 969 (3M, USA, 

55144) 

Portion 1: consisted of 0.5cm x 0.5 cm ultra high molecular weight polyethylene 

sheet material (Porex Technologies) which was incubated for 10 min under pyrogen 

free conditions in 0.5 lU/ml (1 g/ml) of limulus amoebocyte lysate (Charles River- 

Sulzfel Germany). After drying, it was applied to the bottom of the test strip. A 

neutral 0.5 cm x O.i cm-portion was added above the neutral sephadex. 

Portion 2: consisted of 0.5cm x 0.5 cm ultra high molecular weight polyethylene 
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sheet material (Porex Technologies) which was spotted with 1.5 jjmoUrrA of 

chromogenic substrate {t-butoxycarbonyl-leucyl-glycyl-arginine-pa-ranitroanilide) for 

-endoxin (Pefachrome LAL Code NR 11179-01 ISO 900M N29001 Pentapharm AG 

BASEL CH). The strip was applied just above the neutral sephadex portion. 

Between portions 2 and 3: consisted of 0.5cm x 0.5 cm sephadex and Tris-HCI at 

a concentration of 0.025 mmol/l. 

Portion 3: consisted of a 0.5 cm x 0.5 cm strip of filter paper (Schleicher & Shuel 

23 SL) which was submerged with solution of 1 N HCI containing 0.1 % (w/v) 

sodium nitrite, dried and applied above the neutral sephadex portion. 

Portion 4: consisted of a 0.5 cmx 0.5 cm strip of filter paper (Schleicher & Shuel 

23 SL) which was submerged with in solution of 1 N HCI containing 0.5 % (W/v) 

ammonium sulfate, dried and applied above the third portion. 

Portion 5 : consisted of a 0.5 cmx 0.5 cm strip of filter paper (Schleicher & Shuel 

23 SL) applied above the fourth portion. 

For both examples the assay is carried out as follows: 

1) add the sample to the first portion of the test strip or immerse the first 

portion in the sample (example 2) or fill the reservoir with the sample 

(example 1). 

2) heat the test strip to 37 X device to activate the reaction; 

3) allow sufficient time (such as 4 min) for the sample to flow from the 

bottom to the top; 

4) dry the test strip by removing the sample reservoir from the bottom and 

opening the bottom of the casting; and 

5) for colour development, a drop of 47,5% ethanol is added, coloration 

develops after drying in air.. 

The chemical reactions involved in each portion are described in Figure 3. In 
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portion 1, depending upon the presence of endotoxin in the samples, clotting 

enzyme is produced through the cascade reaction by the action of activated Factor 

C or proclotting enzymes, in portion 3 after the capillary flow through the 

chromogenic substrate and in the presence of Tris-HCI, the activated clotting 

enzyme and/or factor B flowing from the lower portion cleaves p-nitroaniline. The 

cleaved p-nitroaniline being transported to the third and fourth portion and 

derivatized to its diazonium salt. In the fifth portion, the diazonium salt is coupled 

to Nl-napthylethylenediamine to form a diazoamino of a red colour. 

The assay can be performed with different sensitivities, according to the grade of 

contamination to be analyzed. In the special application to test solutions used in 

hemodialysis therapy and according to Pharmacopoeia prescriptions, several test 

strips have been elaborated to read the minimal acceptable concentration of 

endotoxin in aqueous solution (Table 1). 

Table 1 

1 Applications Substitution 
solution for 
Hemodiafiltration 

Hemodialysis 
water 

Dialysate 
solution 

Water for on- 
line HDF 

1 Lowest LPS concentration in EU/ml 
0.05 0.25 0.5 1 

In respect to the sensitivity of the test, numerous modification can be performed, 

such as by varying the titration of'the LAL-concentration and the matrix material 

used in the first portion. By the application of high molecular weight polyethylene 

sheet material (Porex Technologies) and using several titrations, of limulus 

amoebocyte lysate varying from 0.1 to 0.5 lU/ml and several matrices, for 

examples 1 and 2, it is possible to prepare 3 classes of lysate concentrations. The 

method used to prepare the desired lysate concentration is first based on a liquid 

chromogenic substrate assay in a microplate according to the LAL-test 

Endochrome-K™ (US. License No 1073) except that the LAL-concentration is not 

related to the protocol. Figure 4 illustrates the resulting absorbance due to the 
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of example 2, it is possible to prepare a test-strip especially for the detection of 

endotoxin concentration in dialysate-solution, for which the acceptable limit is 

prescribed to be below 0.5 EU/ml. Detection spots for this prepared test strip are 

illustrated in Figure 5. 
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Reagent for assaying endotoxin. Tanak S- US patent 5,605,806 (Feb 25, 

1997) 

8 Test articles for performing dry reagent prothrombin time assays Stephen E. 

Zweig at al. US patent 5,418,141 (IVIay 23, 1995) 
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patent 5,628,960 (May 13, 1997) 
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CLAIMS 

1. Solid phase apparatus, for detection of endotoxin in a liquid sample using- 

reagents located within solid support material, comprising the reagents:- 

endotoxin sensitive reagent; and 

buffer components; 

wherein when a liquid sample containing endotoxin is applied to the 

apparatus the endotoxin sensitive reagent reacts with the endotoxin to form at 

least one product, and following contact of the at least one product with buffer 

components an endotoxin indicator is formed. 

2. Solid phase apparatus according to Claim 1 further comprising a colour 

developer, which reacts with the endotoxin indicator to form a coloured product. 

3. Solid phase apparatus according to Claim 1 or 2 wherein the reagents are 

differentially located within portions of the solid support material, and wherein the 

apparatus comprises:- 

an application portion to receive a liquid sample, and containing endotoxin 

sensitive reagents comprising endotoxin sensitive factor and a first 

chromogenic substrate, and being in communication with a buffer portion; 

the buffer portion containing buffer components, and being in 

communication with an indicator portion; and 

the indicator portion optionally containing a colour developer or being 

adapted to receive application of a colour developer by a user 

wherein in use when a liquid sample containing endotoxin is applied to the 

application portion, endotoxin reacts with endotoxin sensitive factor to form a 

product which in turn reacts with the first chromogenic substrate to form a second 

chromogenic substrate, and contact of the second chromogenic substrate with 

buffer components forms an endotoxin indicator. 
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4. Solid phase apparatus according to Claim 3 wherein the application portion 

connprises:- 

a first portion containing an endotoxin sensitive factor, in communication 

with 

a second portion containing a first chromogenic substrate, in communication 

with the buffer portion. 

5. Solid phase apparatus according to Claim 3 or 4 wherein the buffer portion 

comprises:- 

a third portion containing first buffer components, in communication with 

a fourth portion containing second buffer components, in communication 

with the indicator portion, whereby in use contact of the second 

chromogenic substrate with the first and then the second buffer components 

results in formation of the endotoxin indicator. 

6. Solid phase apparatus according to Claim 3, 4 or 5 wherein the indicator 

portion is substantially free of solute capable of altering pH. 

7. Solid phase apparatus according to any of Claims 1-6 for the detection of 

endotoxin in a liquid sample comprising a solid support in the form of a test 

dipstick, a flat sheet or a cylindrical capillary tube wherein said solid support is 

selected from chromatographic papers, silica nitrocellulose, hydrophillic polymer, 

dextran, and glass fibres. 

8. Solid phase apparatus according to any previous claim in the form of a said 

test strip which comprises several portions made with hydrophillic matrix from 

which B-glucans have previously been extracted with a solvent system; 

9. Solid phase apparatus according to Claim 8 wherein the test strip is 

constructed in a flat sheet form, said portions are constructed in a plane form to 

permit capillary flow, between respective portions. 
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10. Solid phase apparatus according to any previous claim wherein the solid 

support material is mounted in a closed and pyrogen free transparent casting 

module to achieve pyrogen free manipulation. 

11. Solid phase apparatus according to Claim 10, wherein the said transparent 

casting module can be opened at the bottom to permit contact with the sample or 

can be placed in a sample reservoir and can be opened at the top to permit contact 

with chemical reactants. 

12. Solid phase apparatus according to any previous claim wherein the colour 

developer is Nl-napthylethylenediamine. 

13. Solid phase apparatus according to any previous claim wherein the endotoxin 

sensitive factor a limulus amoebocyte lysate or other factors which react with 

endotoxin to produce coagulin. 

14. Solid phase apparatus according to any previous claim wherein the first 

chromogenic substrate is t-butoxycarbonyl-ieucyl-glycyl-arginine-paranitroanilide 

(Boc-Leu-Gly-Arg-pNA) and paranitroanilide is the second chromogenic substrate. 

15. Solid phase apparatus according to Claim 14, wherein the endotoxin 

indicator is p-nitroaniline. 

16. Solid phase apparatus according to any previous claim wherein the buffer 

components contain hydrochloride and sodium nitrite ions. 

17. Solid phase apparatus according to Claim 16. wherein the buffer components 

contain hydrochloride and ammonium ions. 

18. Solid phase apparatus according to any previous claim wherein the indicator 

portion is a neutral portion. 
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IS.  -Soltd-phase-apparatijs according-to-^y-^fevious-Glairn-wherein contact on 

the second chromogenic substrate with buffer components converts It to a 

diazonium salt. 

20. Solid phase apparatus according to Claim 19, wherein which p-nitroaniline 

is derivatized to Nl-napthylethylenediamine. 

21. Solid phase apparatus according to Claim 20, wherein the indicator portion 

is changed to a highly visible red colour when a drop of a solution containing N1- 

naphtylethylenediamine is added to form a diazoamino of a highly visible red colour. 

22. Solid phase apparatus according to Claim 20, wherein the indicator portion 

contains a solid support and Nl-naphtylethylenediamine to form a diazoamino of 

a highly visible red colour. 

23. A method of assaying for the presence of endotoxin in a liquid sample, 

comprising 

combining a test amount of the sample with reagents in a first region of solid 

phase support material to form at least one product; 

allowing the one or more products to flow through a second region of solid 

support material containing buffer components thereby to convert the at least one 

product into endotoxin indicator; and 

testing for the presence of the endotoxin indicator. 

24. A method according to Claim 23 wherein endotoxin indicator is coloured. 

25. A method according to Claim 23 further comprising reacting, in a region of 

solid support material, the endotoxin indicator with a colour developer to form a 

coloured product. 

26. A method according to any of Claims 23 to 25 comprising heating the 

support material to activate the reagents. 
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27. A method according to any of Claims 23 to 26 comprising measuring the 

intensity of the coloration of the endotoxin indicator to determine concentration of 

endotoxin. 

28. A kit for testing for the presence of endotoxin in a liquid sample, comprising 

at feast two solid phase apparatus according to any of claims 1 to 22, wherein the 

at least two apparatus have different sensitivities to endotoxin. 

29. A kit according to Claim 28 comprising a plurality of solid phase apparatus 

of different sensitivities to endotoxin for quantitative determination of endotoxin in 

a liquid sample. 

30. Use of solid phase material containing buffer components in manufacture of 

solid phase apparatus for testing for the presence of endotoxin in a liquid sample. 

31. Use of solid phase material containing endotoxin sensitive reagent in 

manufacture of solid phase apparatus for testing for the presence of endotoxin in 

a liquid sample. 
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